clearly benefited from the high specific surface area. Mathematical correlations found in
Introduction 30
In recent decades, there has been an emergent interest in research into biotreatment as 31 an alternative for the treatment of volatile organic compounds (VOC), which includes 32 the biotrickling filter as one of the most applicable technologies (Devinny et al., 1999) . 33 The use of biotrickling filtration for the treatment of VOC it is frequent and has been 34 shown to be capable of achieving high removal efficiencies. Considering that 35 biotrickling filtration involves a series of complex physical, chemical and biological 36 processes, further work is needed to determine the mechanisms that contribute to the 37 observed behaviour (Iranpour et al., 2005) . The most representative mechanisms in a 38 biotrickling filter are mass transfer, diffusion and biological degradation. Typically, the 39 process may be limited by mass transfer as well as kinetics. Unfortunately, research has 40 been mainly focused on biodegradation kinetics rather than mass transfer (Dorado et al., 41 2009; Lebrero et al., 2012) and, despite being a key step in the process, the optimisation 42 of mass transfer between the gas and the liquid/biofilm remains one of the most difficult 43 aims to achieve. Relating to this, several authors (Dorado et al., 2009; Kim and 44 Deshusses, 2008a) have emphasised the need to determine the mass transfer coefficients 45 in order to develop simulations for the design and optimisation of biotrickling filters. 46 Also, determining the mass transfer coefficient would facilitate the selection of the 47 packing material and the modelling of bioreactors used for air pollution control. 48 As pointed by other authors (Dorado et those used in absorption processes, so the typical correlations used in these systems are 51 not useful for predicting the phenomena occurring in biotrickling filters. Dorado et al. 52 (2009) confirmed that using experimental global mass transfer coefficients appears to be 53 the most suitable way to represents mass transfer in biotrickling filter systems; they 54 pointed out the need for using the target pollutant for the determination of mass transfer 55 coefficients. 56 Isopropanol is a hydrophilic compound typified by its high volatility and relatively low 57 hazardous properties in comparison with other solvents. As a result, it is one of the most 58 commonly used solvents in chemical industries as coating, printing, cleaning, among 59 others, resulting in a large amount of emissions to the atmosphere that should be treated. 60 Due to its low Henry's law constant in comparison with the Henry's law constant of 61 oxygen, its treatment by biofiltration implies that the process could be typically limited 62 by the low concentration of oxygen in the biofilm. This could imply that that the 63 penetration depth of oxygen in water or the biofilm is lower than that of the pollutant, 64 causing anaerobic zones in the deeper parts of the biofilm close to the substratum 65 (Shareefdeen and Singh, 2005) . Experiments based on the physical properties of the gas 66 and liquid phases have shown that the volumetric mass transfer coefficient could be 67 influenced by the liquid phase at a similar level of contribution than the influence of the 68 gas (Pérez et al., 2006) . So, both influences should be assessed in order to characterise 69 and improve the process. 70 The purpose of this research was to determine the mass transfer coefficients for the 71 treatment of hydrophilic compounds using isopropanol and oxygen as reference The overall mass transfer coefficient expressed in the liquid phase is defined as a 84 function of the individual mass transfer coefficients, and is related to the overall mass 85 transfer coefficient expressed in the gas phase, according to Eq. (1) From the integration of Eq. (2), the following equation is obtained:
To determine the outlet concentration in the gas phase, the mass balance is described as: 
Combining Eq. (9) and Eq. (3), the outlet concentration is described by:
Mass balance in the tank 173 The variation of 
where V T is the volume of the tank.
177
As was previously mentioned, the variations in temperature during the experiment 178 imply variations in the Henry's law constants up to 20-25% (Sander, 2005 For the determination of K L a, a dynamic method under inert conditions was used as In the tank:
The combination of Eqs. (12) and (13) permits obtaining the variation of the predicted 219 oxygen concentration over time (Van't Riet, 1979):
221
The response time constant of the probe, , is defined as the time at which the probe 222 achieves 63% of the end value measured when the probe is subjected to a step input phase. An average value of the relative error of 6 % for the gas phase and an average way to represent this phenomenon for isopropanol and for oxygen: 
367
The parameters obtained for each correlation are shown in Table 2 . In order to analyse The most general correlations were those proposed by Onda et al. (1968) 
379
Van Krevelen and Hoftijzer
The assumed supposition that the main resistance to the mass transfer of isopropanol is 383 in the gas phase and for oxygen is in the liquid phase was checked applying the Onda 
